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G = 0.299R + 0.587V + 0.114B
(R, V,B)
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y = ax + b
¨DhPSzAS+okQbS+_¸|^S¶zy2]À|PS





















,¿ SR]kzygcS|PS´y_koqyKh>]`l¢e2okQb+S|^S de2©PfgM³ª2©ShPeg©]DyK´´egh]ﬀ©^_aij´i«]{SRoDSR]{_DokSRzPok~]{SRh2_k]k©PoD´y fg©okS

ÒÎ  Ï¯~r ´\SR]{_-|^i«]acoa_ki«]kw|^SﬀQﬃyKhPiO+oaSﬀ±6_aokSw©Ph¶_ayg­P´SRyK©±¸À|^iQbS+h]kiegh]-y~gS~c,©PhhPe2Q¶­PokSwiQbzAegok_ayKh_





oay2|^iygh]q¨Ä¯2Y\©Pow´Ç¿ y·^SÀ|^SR],e2oa|PeghPhPRSR]RÂ´«y|^i«]`_qyKhc+Sd|¼¿ ©PhSÀ|^oaegij_kSÀ±}´Ç¿ egoaifgihPS






























´6¿ ©P_ki´ji«]ay_kSR©Poﬀe2©]{zA~ci +SR]NyK©^_aegQﬃy_aiª©PSRQESRh2_~¯\»¸yKh]NcS|^S+oahPiS+oNc+y2]+ÂhPe2©]ﬀcaMegi«]{i«]a]{e2h]Ã|PS P·^SRoﬀ´jS
hPe2Q¶­PoaS|Ò¿ egoaiS+h2_qy_aije2h]ﬀzAe]k]kij­´jS~]N|^S~]D|^oaegij_kS~]D±´«yE´«yKoafgSR©PoN|^S}´6¿ iQﬃyKf2S¸SRhﬂzPij·^S+´«]+¯





























Pdh_aoaygiÅ_aS+QbS+h_¬SÑc+y2cSCc+egh_koaSCcS~]ﬃzPoaeg­´jORQES~]ﬃSR]{_¬´6¿ ©P_ki´ji«]kyK_kiegh|Ò¿ ©Ph ´j_koaSCzyg]a]kS	=MyK©^_¬|^S
QﬃyKhijORokS±³QES+_{_aokSS+h"KyK´S+©Po´jS~]}zAe2ijh_a]}zok~ci«]S+_¶S98ÒygcSRoyg©"Qﬃy·^ijQ¶©Q ´jS~]}h©ygfgS~]}|^SzAegih2_q]+¯
n-eg©Po©PhPS ReghPS¬yGgSRc|^S~]¶zAegih2_a]¶zP´©^_ K_zok~ci«]¬§ ReghPSR]|^Sª©PS+´«ª©PSR]¶zPij·^S+´«]a¨§ f2©PoaS

Î ÌÄÏG¨Â4´SR]
zAe2ijh_a]iQbzAegok_ayKh_a]¬]{e2h2_¬­PiS+h Qbi«]SRh yK´S+©o²§ f2©PokS

Î`¦ Ï¨Ä¯Ãn-ygocegh_koaSgÂÃzAeg©Po¬©Ph h\©yKf2SC|^S



















































% ﬃ ﬀÃÔ 

ÖR % ﬃ!=*mÖ ﬃ
PdhPSul¢egi«]w´y¶´i]{_kS|^S¸|^oaegij_kS~]Ãeg­P_kS+h\©PSR]¸§mokSRzPoaR]kS+h2_qyKh_w´SR]w´ijf2hPSR]ﬀ|^SÀl¢©Pij_aS~¨ÄÂ^hPe2©]wgeg©P´egh]Ã_koaeg© 
gSRod´jS~]dzAegih2_a]À|¼¿ ih2_aS+oq]{S~cÄ_kieghC|^S¶cS~]d|Poke2iÅ_aSR]RÂPhPegQbQbR] PK¥Í 'N)2£ 
q^¥Í=£+¯>4SR]À|^oaegij_kSR]dh¼¿ yG[2ygh2_dzy2]
|Ò¿ ih2_kSRoa]kSRc_kiegh]}zygo{lmygiÅ_aSR]ﬃ§ÇcS¬]{e2h2_zP´©^_ g_|^SR] +eghSR]|Ò¿ ih_kS+oq]kSRcÄ_aije2h>¨ÄÂ4ij´ÃSR]{_z´j©]¶|^R´ji«c+yK_¶|^Sﬃ´SR]
_aoke2©PgS+o~¯A»uSbzP´j©>]+ÂÒ´jS~]+eghSR]¸±¬_koaeg©PgSRo¸hPSb]kegh2_zy2]Àl¢e2oac++QbS+h2_}±´6¿ ih2_a+oaijSR©Po}|^SE´Ç¿ iQﬃyKfgS2¯Av,h h¼Â








c+eg©PoqyKh2_Ä¨&É´jS]{S~cegh>|ﬃS~]`_ﬀ´«y|^ijÑc©P´j_k|PS¸|^+_kSRc_kSRoﬀ´SR]wzAe2ijh_a]N|^SÀl¢©Pij_kSijh hPi]R¯^»uSuz´j©]RÂ\´Ç¿ ygcRc©PQ¶© 
´«y_aS+©PoN|PSuKyK´S+©PoﬀQﬃy·^iQ¶©PQ h¼¿ SR]{_Nzyg]wl¢egoqc+QbSRh2_ﬀ©hz>e2ih2_D|^Sul¢©Pij_kS2Â\i´Almyg©^_DcqMPS+oqcaMPSRoﬀzP´j©P_ K_D©PhPS
ReghPSgÂPQbygi«]DcSRc+iÒh¼¿ SR]{_dzyg]NR\i|^SRh2_~¯























hPe2QbQE -jÌK )  ¥Í £ & + Ì6¥mEÉ´6¿ ijh_kS+oq]kSRcÄ_aije2h|PSNc+SﬀzP´«yKhEyGgSRcw´jSNzP´«yKhiQﬃyKf2SÃl¢egoaQbSﬀ´yuzokeKp`SRc_kiegh
|^Sd´«y}|Poke2iÅ_aSdºg» ª©Pi>SR]{_wyK©]a]{i©PhPSÀ|^oaegij_kS2¯gÃ¿ ih2_aS+oq]{S~cÄ_kieghﬃ|PSÀcSdzP´«yKhy~gS~cN©PhPSÀ]kzPMPO+oaSDfyK©]a]{iS+hhPS

























































'Ä  *)K¥ R¥ 'Ä¥mK0¡^¥ kÌk¦q¡^¥ +£¬Á^´S­P©^_dSR]{_d|Ò¿ S+·^Rc©^_aS+oDzP´©]kijSR©Poa]ﬀl¢egi«]N´y_koqyKh]{l¢egoaQb+S¸|PS de2©PfgM
]k©Pou´y¬]kzPMPORokS¶f2yK©>]k]kijSRhPhPSQﬃyKi«]uy~gS~c|^S~]Àok~]{e2´j©P_kiegh]À|^Sfgoaij´´jS~]doa+fg©P´iO+oaSR]d|Pi 8&+oaS+h_kSR]R¯&4y

















'Ä  *)K¥ R¥ 'Ä¥mK '+£ËE¥
 
 =gç¥ +k£"Î +Ì>Ç¥ ﬀ¦aÌKÇ¥mK ¥ÍÄ  KÅ¥ +k£ )2£
ϕ





















'Ä  *)K¥ R¥ 'Ä¥mK '+£ËE¥
 
 =gç¥ +k£"Î +Ì>Ç¥ ﬀ¦aÌKÇ¥mK   KÅ¥ +k£ )g£
ϕ


















































































= 2pi[− cos θ]θi
0
= 2pi(1− cos θi)
= K ·Ψ(θi)
Ðdeg©>]Ngeg©´je2h]
Ψ(θi) ∈ [0, 1] |PyKh>]N©Ph³­P©^_À|PS}]kijQbzP´i >c+yK_kiegh}É^hPe2©]NSRh³|^R|P©Pi]kegh>]D|^egh>cEÁ{
















i ∈ {0, . . . ,M − 1}
tCyKih2_aS+hygh2_ª©PSEhPeg©]|^i]kzAe2]kegh]u|¼¿ ©Ph¾MPRQbi]kzPMPO+oaSﬂ§
(φj ,Ψ(θi)), j ∈ [0, N ], i ∈ [0,M − 1] ¨














nx · x + ny · y + nz · z = 0













2 + (n2z + n
2
y)y






x = r sin θ cos ϕ
y = r sin θ sinϕ






n2z + (nx cos ϕ + ny sin ϕ)
2
UuoNhPe2©]DyGgegh]D|^	hi
nz ≥ 0 S+_d]aygcqMygh2_dª2©S θ ∈ [0, pi/2] Âyg´je2oa] sin θ ≥ 0 Á
sin θ =
nz√
n2z + (nx cosϕ + ny sin ϕ)
2
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fyK©]a]kijSRhPhPS¸SR]{_RÂyGgSRc
ϕ ∈ [0, 2pi] Á
θ = C(ϕ) = arcsin
(
nz√







n2z + (nx cos ϕi + ny sin ϕi)
2
)









x ∈ [0, 1] ÉhPeg©]Deg­^_aS+hPegh>]Á












n2z + (nx cos ϕi + ny sinϕi)
2
= 1− nx cos ϕi + ny sin ϕi√
n2z + (nx cos ϕi + ny sin ϕi)
2
= 1− t(nx, ny, ϕi)√













n2z + t(nx, ny, ϕi)
2
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F (fx, fy,−f) SR]{_´jSﬃzAegih2_¶|^Sbl¢©PiÅ_aS >hPiÇÂ
~I1 = (I1x, I1y, 0)
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~n = (I2y,−I2x, 0) ¯
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OF1 = (f1x, f1y,−f)
~v2 =
−−→
OF2 = (f2x, f2y,−f)
ÐÀeg©]Nge2©P´egh]
~v1 · ~v2 = 0 Â|^e2hc f1xf2x + f1yf2y + f2 = 0 ¯






















~v = ~w ∧ ~u
 Ô$Ç ﬀÃÔ$
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OA = − Left · ~u − Floor · ~v − Back · ~w−−→
OB = Right · ~u − Floor · ~v − Back · ~w−−→
OC = Right · ~u + Ceiling · ~v − Back · ~w−−→
OD = − Left · ~u + Ceiling · ~v − Back · ~w−−→
OE = − Left · ~u − Floor · ~v−−→
OF = Right · ~u − Floor · ~v−−→
OG = Right · ~u + Ceiling · ~v−−→
OH = − Left · ~u + Ceiling · ~v
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